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Abstract - Er3+-doped A 2 0 3  films have been deposited 
by reactive co-sputtering onto thermally oxidized Si- 
wafers for use in optical amplification. Low background 
losses and broad emission band were measured. High 
concentration and gain can be achieved. 
I. INTRODUCTION 
In optical telecommunication, there is a serious need 
of integrated optical amplifiers operating at 1.53 p 
that are part of the integrated optical circuit. Due to the 
success of Er3+-doped fiber amplifiers, also here Er3+ 
should be the active entity, and a range of host materi- 
als for Er3' has been investigated [1,2,3]. Among these 
A1203 has shown promising properties [2]. 
Various methods have been used in doping Er3% 
A1203 films including ion implantation of sputtered 
AI203 [2] or co-deposition using CVD methods [6,7]. 
We have applied reactive co-sputtering using sputter- 
guns, because it avoids the drawbacks of the so far 
used techniques, such as ion clustering, lattice damage 
[2], and the presence of a considerable amount of hy- 
droxyl groups in the films [6,7]. In addition to that, 
using reactive co-sputtering the Er3+ depth profile in 
the waveguide can be adjusted to match that of the 
optical mode for efficient use of the pump power. As 
will be shown, using our method, low-loss as- 
deposited Er3+:!d203 waveguides can be realized at 
relatively low substrate temperature. High Er3+ con- 
centration can be reached with less ion clustering than 
in ion implantation as is evident from the absence of 
upconversion up to an Er3+ concentration of 0.2 at.%. 
High amplifications at relatively low pump powers 
have been calculated to be feasible. 
11. FABRICATION A D STRUCTURAL 
CHARACTERIZATIONS 
The reactive co-sputtering deposition setup has been 
described elsewhere [4]. Er3+:AI2O3 thin films were 
reactively co-sputtered onto a 3.3-p-thick SiOz sub- 
strate layers thermally grown on a Si-wafer. The opti- 
mum films were obtained at a substrate temperature of 
400 "Cy Ar:02 flow ratio of 1:1, working pressure of 
4.6 x mbar, and a dc power for the Al-gun of 235 
W. By varying the rf power applied to the Er-gun dif- 
ferent concentrations of Er3+ in the layers can ob- 
tained. The deposition rate was 20 d m i n .  
Energy Dispersive X-ray (EDX) and Rutherford 
Backscattering Spectroscopy (RBS) measurements 
performed on Er3+:A1203 films showed that the re- 
sulted layers are stoichiometric. Analysis of the ob- 
tained RBS spectra shows that the Er3+ is uniformly 
distributed in the transverse direction of the 
waveguide. The Er3+ concentration in the measured 
samples ranges between 0.04 at.%, for 10 W of rf 
power, and 0.74 at.%, for 50 W. Results of X-ray 
measurements have shown that the structure of the 
films is amorphous. Scanning electron microscope 
(SEM) photograph of the cross section of an 
Er3+:A1203 sample shows no microstructure in the film, 
the absence of cracks, and a surface that is smooth. 
111. OPTICAL CHARACTERIZATIONS 
All optical characterizations presented here were 
performed using a prism coupling setup, the descrip- 
tion of the experimental details of which are given in 
Ref. 5.The refi-active index at h = 1.48 p was deter- 
mined to be 1.64. 
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Figure 1:  Absorption spectrum (dashed line) and photolu- 
minescence emission spectrum (solid line) of Es'(0.2 at.%)- 
doped A1203 waveguide. 
Fig. 1 shows the absorption (dashed line) and pho- 
toluminescence (solid line) spectra of a not annealed 
Er3+ (0.2 at.%)-doped A 1 2 0 3  layer. 
The Er3+ absorption shows a broad one-shouldered 
band, the absorption being at maximum at a wave- 
length h = 1.531 pn. The spectrum is characteristic to 
the 41,,,2 + I,,,, (ground state + first excited 
state) transitions in Er3+ [8]. The background losses 
given by the offset in the attenuation spectrum were 
determined to be < 0.25 dB/cm, as is extremely low 
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for not annealed samples. The luminescence spectrum 
also shows up as one-shouldered band, its maximum 
being at h = 1.533 pm. The FWHM being 55 nm is 
similar to FWHM-values reported in literature for 
Er3+-doped Alu203 films [2,6]. At a concentration of 0.2 
at.%, no 0.98-pm luminescence could be detected and 
no green light was visible indicating the absence of 
upconversion. However, in samples with Er3+ concen- 
tration 2 0.34 at.% clear 0.98-pm and green lumines- 
cence lines were seen. 
Figure 2: Dependence of the lifetime and the corresponding 
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optical amplifiers. The films are obtained at relatively 
low substrate temperature 400 “C and they have back- 
ground losses I 0.25 dB/cm. Relevant for wavelength 
multiplexing, an emission band of FWHM of about 55 
nm has been measured. In the resulted layers no up 
conversion effect was observed up to an Er3+- 
concentration of 0.2 at Simulations showed that signal 
gain over 20 dE3 can be obtained on 26 cm long 
waveguide Er3+-doped A 1 2 0 3  amplifier with Er3’ con- 
centration of 0.2 at.% pumped at h = 1.48 pm with a 
pump power of only 4 mW 
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decay rate on the Er“ Concentration. 
Fig. 2 shows the dependence of the luminescent 
lifetime T of the I,,,, state on the Er3’ concentration 
(squares). The corresponding decay rate is also shown 
in the figure (circles). The lifetime decreases as the 
Er3+ concentration increases, fi-om 6.7 ms at a concen- 
tration of 0.04 at.% to 1.3 ms at 0.74 at.%. From the 
data the radiative lifetime was determined to be 11.3 
ms. Note that the layers were not annealed. 
The effect of annealing on the Er3+ luminescence 
lifetime has been studied. Fig. 3 presents the lifetime 
as a function of anneal temperature for samples with 
Er3+ concentrations of 0.2 at.%. The lifetime increases 
from 4.4 ms to 5.5 ms as anneal temperature increases. 
However, there is a noticeable drop in lifetime at the 
anneal temperature of 600 “C. 
Simulations using amplifier parameters, as have 
been determined from this study, and using an opti- 
mum waveguide geometry have shown that for a ridge 
waveguide amplifier with Er3+ concentration of 0.2 
at.% and an amplifier length of 26 cm a gain over 20 
dB should be feasible for a pump power at 1480 nm of 
only 4 mW. Experimental verification of the simula- 
tion results is currently underway. 
IV. CONCLUSIONS 
We have demonstrated the deposition of Er3+-doped 
AI2O3 films using reactive co-sputtering and we have 
optimized the process for application in integrated 
Figure 3: Liftime dependence on anneal temperature of 
E? (0.2 at. %) in A1203films. 
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